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Abstract 
One can find innovative solutions to complex industrial problems by looking for knowledge in patents. Traditional search using keywords in 
databases of patents has been widely used. Currently, different computational methods that limit human intervention have been developed. 
We aim to define a method to improve the search for relevant patents in order to solve industrial problems and specifically to deduce evolution 
opportunities. The non-automatic, semi-automatic, and automatic search methods use keywords. For a detailed keyword search, we propose as 
a basis the functional decomposition [1] and the analysis of the physical phenomena involved in the achievement of the function to fulfill. 
The search for solutions to design a bi-phasic separator in deep offshore shows the method presented in this paper. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of “24th CIRP Design Conference” in the person of 
the Conference Chairs Giovanni Moroni and Tullio Tolio. 
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1. Introduction
Some solutions to industrial problems can be found by
looking for knowledge using different information sources 
such as patent databases, journals, etc. as well as different 
search techniques to find innovative ideas such as: 
brainstorming, benchmarking, Delphi 6 sigma, checklists, etc 
[2]. Patents are a large source of free technical knowledge that 
describe, explain and reveal current technologies used, and 
provide solutions to problems. White [3] states that patents 
disclose information not published in scientific journals or 
conference proceedings. Eighty percent of the information 
contained in patents is not published elsewhere. 
Different methods are used to find knowledge about 
patents. Computer tools partially or completely limit human 
intervention. They use techniques such as text mining, data 
mining, ontologies, natural language processing (NLP),etc. in 
order to satisfy multiple goals such as: problem solving, 
technology forecasting, classification of patents in categories, 
network, citations occurrence, trends etc. Despite the 
reduction of human involvement, many troubles are still 
present, i.e. in the semantic analysis: homography, polysemy, 
synonymy, fuzzy nature of the relationship between words in 
human language, partial synonymy, the hierarchical 
relationships (hyperonymy and hyponymy), and use of some 
jargon [4]. In traditional keyword search methods, the search 
is made using the keywords associated to the problem; then an 
analysis must be done manually. Finding relevant results 
depend on the user’s experience and skills. Different reasons 
show that this method cannot be considered exhaustive, i.e. 
the level of detail descriptions of patents, inaccurate 
terminology, multiple languages etc [5]. 
Our methodology aims to improve the effectiveness of 
traditional keyword searches using functional and physical 
analysis (functional flow path, section 3.1). Performing a 
function involves an energy which is converted and 
transmitted to a component that will produce an effect [1]. 
Exhaustive analysis of all possible initial energy, transmitted 
energy, and the phenomena of physical conversion allows us 
to select the physical effects. These physical effects comprise 
the relevant parameters. The energy conservation laws allow 
us to validate these parameters and their relevance, and to 
define desired behaviors. The relevant parameters and the 
searched behaviors will structure the keywords to be used. 
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Then we generate an iterative keyword database that, at each 
research, grants finding new technological keywords that will 
be used to refine the search. Based on the findings, we 
perform a classification structured by keywords in a discovery 
matrix form. The concepts found will be analyzed from the 
evolution trends of the TRIZ theory. The empty cells in the 
matrix outline new opportunities for innovative solutions. 
The rest of the paper is organized as follows; in section two 
we explain the work in relation with patent analysis and 
situate the proposed methodology. In section three, we present 
our method of innovation through the description of the 
functional analysis, retrieval of relevant physical phenomena 
and relevant parameters, followed by the classification 
method. Section four will show the application case in a bi-
phasic separator in deep offshore. We will finalize with the 
conclusion and perspectives. 
2. State of the art
Two primary questions are presented in order to build the
state of the art and position our method. First, "how" (Fig. 1) 
i.e. the methods and techniques used. Then, "why" (Fig. 2), 
specifically, the objectives frequently found in the literature. 
Text mining has been used to extract significant-rare 
keywords by Li [6], the selected words are those less 
frequently used by scientists and technologists. Yoon and 
Park [7] use this technique to transform raw data (patents 
expressed in text format or in natural language) into structured 
data. They exploit it as an extraction tool, to identify 
keywords and to measure similarity between patents. Choi 
and Park [8] used the text mining technique for the analysis of 
Subject-Action-Object structures (SAO), ranked them by 
similarity, and identified them by the type of technological 
implications. 
Data Mining techniques and NLP are used for data 
extraction and classification of patents in several categories of 
inventiveness [9]. Yoon and Kim [10] propose a method to 
extract binary relations between patents through NLP; then 
they find out specific trends and phases of evolution trend 
(TRIZ evolution trends[7]). The tool, "TrendPerceptor" [12] is 
based on this method. 
Fig. 1. Synthetic map of techniques found in literature. A double border box indicates the main subject studied. A dash line arrow designates a relationship and a 
dash-lined box stands the type of information commonly used. 
Fig. 2. Overview of the common objectives in patent analysis. A double border box indicates the main subject studied. 
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Ontologies [e.g. Function-Behavior-Structure (FBS)] are 
used by Russo and Montecchi [13,14,15]. They introduce 
physical phenomena in order to complete keywords. In their 
method, they begin with the definition of the product function 
and, using three creative approaches (Linguistics, Engineering 
and Multi-Vision), they list different possibilities for the same 
function, which will be translated into keywords and 
combined with additional keywords from a physical effects 
database. A specific algorithm handles these keywords and 
creates a group of queries to identify essential patents in order 
to achieve a state of the art. The database of the physical 
effects used by the authors is obtained by merging different 
knowledge bases of existing physical effects data. 
3. Proposed method
The different methods mentioned above are based on the 
initial keywords to launch a search. The relevant results are 
found using semi-automatic or automatic methods. The final 
analysis of the semi-automatic case is formed with one or 
more expert designers. 
Fig. 3. Synoptic of positioning of proposed method. Dash line arrows indicate 
the entrances to the keyword database. 
The proposed method (Fig. 3) is based on a detailed 
analysis of the function to fulfill. The exhaustive search for 
relevant keywords begins with an analysis of the required 
functional flow to carry out the function. The expected 
operation will be described by a functional analysis that will 
lead to the selection of physical phenomena imposed or 
implied. The physical phenomena, the improvement 
techniques and related keywords are the basis of knowledge. 
Functional decomposition allows us to access different 
keyword fields of initial keywords. These keywords come 
from different types of converters which can be selected 
(Section 3.1), permitting us to search for patents in different 
fields. The search for patents from keywords listed in the 
knowledge database is then carried out using traditional 
databases of patents. Our Research is oriented and framed. 
The designer selects and classifies relevant patents seeking to 
deduce development opportunities to move toward innovative 
solutions. 
3.1. Energy based functional decomposition 
We use the functional and physical analysis to associate 
keywords with relevant physical parameters. Pailhès [1] 
proposed the said functional analysis CTOC (Converter, 
Transmitter, Operator, Control / Command). For a given 
function, it is possible to distinguish four main elements for 
the implementation of the action. 
The converter changes the available energy into usable 
energy. The transmitters transmit and/or adapt this energy to 
the operator who performs the action. The components of 
control/command provide the required performance. The 
functional flow is constituted by the delivery of power 
through the components. The functional flow and the 
components that it crosses are necessary and sufficient for the 
realization of the function (Fig. 4). 
Fig. 4. CTOC decomposition to perform a function. 
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different from the energy transmitted by the transmitter. For 
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of converters. These findings become a source for expressing 
new keywords that will allow the eventual patent search. 
The use of functional decomposition allows us to focus and 
direct the search by defining keywords related to the 
associated physical phenomena. These keywords come from 
physically analyzing how converters function thus suggesting 
future possibilities at to the evolution of other relevant 
physical parameters. In such cases, they become keywords for 
further research further complementing the keyword database. 
3.2. Converters and Physical phenomena 
It is possible to express the functional flow associated with 
conducting the function in terms of energy flow. This 
simplified process allows us to reconcile the design with 
physics based approaches in which the input or output energy 
flow is expressed by energetic power (a product of two 
characteristic variables, Table 1). 
The study of conservation laws in converter components 
allows us to define relevant parameters. These variables are 
the first keywords. We then look for the relevant physical 
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WKH HIILFLHQF\ IURP WKH HYROXWLRQ RI WKH SDUDPHWHUV 7KH
WHFKQLTXHV XVHG WR YDU\ WKH SDUDPHWHUV DOVR FRPSRVH QHZ
NH\ZRUGV
0HWKRGVDQGFODVVLILFDWLRQV
7KH GDWDEDVH NH\ZRUGV SK\VLFDO SKHQRPHQD DQG
LPSURYHPHQW WHFKQLTXHV DOORZ XV WR UHVHDUFK NQRZOHGJH
IURP WKH FRPPHUFLDO GDWDEDVHV :H RQO\ XVH (VSDFHQHW
(XURSHDQ 3DWHQW 2IILFH ZKLFK FRQWDLQV RYHU  PLOOLRQ
SDWHQW GRFXPHQWV IURP  FRXQWULHV >@ )URP WKDW SRLQW D
VWUXFWXUHGDQDO\VLVDOORZVXVWRFODVVLI\UHOHYDQWSDWHQWVE\D
WRROQDPHG'LVFRYHU\0DWUL[
7KH GLVFRYHU\PDWUL[ LV D WRRO WKDW DOORZV XV WR RUJDQL]H
WKHUHVXOWVLQDWDEOHEDVHGRQYLHZSRLQWVGHILQHGE\WKHXVHU
,Q )LJ  WKH PDWUL[ LV FRQVWUXFWHG E\ FURVVLQJ WKH
WHFKQRORJLFDO V\VWHPV DQG WKH NH\ZRUGV DVVRFLDWHG ZLWK WKH
W\SHV RI FRQYHUWHUV WR SK\VLFDO SKHQRPHQD (DFK FRQYHUWHU
LQFOXGHV UHOHYDQW SK\VLFDO SDUDPHWHUV 533 (DFK 533 FDQ
EH OLQNHG WR RQH RU PRUH SK\VLFDO SKHQRPHQD 33 7KH
LPSURYHPHQWRIHDFK33FDQ WKHQ LQGXFHVSHFLILF WHFKQLTXHV
57 (DFK UHOHYDQW SDWHQW LV WKXV FODVVLILHG 7KH ILUVW
HYROXWLRQ RSSRUWXQLWLHV DUH IRXQG LQ WKH HPSW\ FHOOV ZKLFK
PHDQWKDWWKHFRUUHVSRQGLQJFRQFHSWGRHVQRW\HWH[LVW
)LJ&RQFHSWRIGLVFRYHU\PDWUL[
:HFDQDOVRH[SORLW WKHPDWUL[IURPWKH ODZVRI WHFKQLFDO
V\VWHPHYROXWLRQEXWWKDWLVQRWWKHSXUSRVHRIWKLVDUWLFOH
 $SSOLFDWLRQFDVH%LSKDVLFVHSDUDWRU
7KH DSSOLFDWLRQ FDVH UHODWHV WR D ELSKDVLF VHSDUDWLRQ
V\VWHPLQGHHSRIIVKRUH7KHRLODQGJDVSURGXFHGIURPZHOOV
LQ SURGXFLQJ ILHOGV IRUP D ELSKDVLF PL[WXUH :H WDNH WKH
VHSDUDWLRQFDVHRIRLODQGJDVZKHQ WKHJDV IORZLV WKHPRVW
LPSRUWDQW DQG WKH RLO LV LQ WKH IRUP RI GURSOHWV :H DUH
ORRNLQJIRUFRQFHSWV WRHQDEOH WKHIXQFWLRQLQJRIVHSDUDWLQJ
RLOIURPJDVWKLVLVWKHPDLQIXQFWLRQRIWKLVVWXG\
:HEHJLQZLWKWKHNH\ZRUGVRIWKHLQLWLDOSUREOHP©*DV
OLTXLG VHSDUDWRUGHYLFH DSSDUDWXV «ª 6HYHUDO
WHFKQRORJLFDO V\VWHPV DUH LGHQWLILHG LH F\FORQH K\GUR
F\FORQH EODGHV SODWHV KHOLFHV« 2XU JRDO LV WR IXUWKHU
GHYHORSWKRVHV\VWHPV
7R SHUIRUP WKH PDLQ IXQFWLRQ ZH PXVW WKHQ ILQG
FRPSRQHQWV OLQNHG WR WKH PRYHPHQW RI WKH IXQFWLRQDO IORZ
)LJWKHILQDOJRDOEHLQJWRGHILQHDOOSK\VLFDOSKHQRPHQD
WRSURGXFHD IRUFH)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7ZR SDUDPHWHUV IURP WKH FHQWULIXJDO IRUFH DUH UHOHYDQW ±
WKH YHORFLW\ 9 DQG WKH GLDPHWHU G RI WKH GURSOHW ,I ZH
ZDQW WR LQFUHDVH WKH FHQWULIXJDO IRUFH ZH FDQ LQFUHDVH WKH
VSHHG DQG WKH GLDPHWHU RI WKH GURSOHW 7KH FRDOHVFHQFH RI
GURSOHWV FDUULHG E\ WKH IXVLRQ GURSOHWV DSSUR[LPDWLRQ
YLEUDWLRQ RU FROOLVLRQ DOORZV LQFUHDVLQJ GLDPHWHU 7KLV
DQDO\VLV JLYHV XV WKH SK\VLFDO NH\ZRUGV FHQWULIXJDWLRQ DQG
FRDOHVFHQFHDQGWKHLPSURYHPHQWWHFKQLTXHVDSSUR[LPDWLRQ
FROOLVLRQDQGYLEUDWLRQ
$QLQLWLDOVHDUFKZLWKWKHNH\ZRUGVJDVOLTXLGVHSDUDWRU
\LHOGVDERXWSDWHQWV ,IZHZDQW WRQDUURZWKHVHDUFK
XVLQJ WKH ORJLF RI WKH FRQYHUWHUV ZH LQFOXGH WKH ZRUG
F\FORQHZHQRZKDYHSDWHQWV7RIRFXVWKHVHDUFKZH
XVH WKH QHZ NH\ZRUGV IRXQG E\ PHDQV RI WKH IXQFWLRQDO
GHFRPSRVLWLRQ7KHUHVHDUFKLVWKHQODXQFKHGXVLQJWKHSDWHQW
GDWDEDVH(VSDFHQHWDQGLQFRUSRUDWLQJRXUNH\ZRUGVGDWDEDVH
)RXUUHVXOWVDUH IRXQGFRQWDLQLQJ WKHNH\ZRUGVJDV OLTXLG
FRDOHVFHQFH F\FORQH VHSDUDWRU ,Q SDUWLFXODU WKH SDWHQW
&1XVHV D K\EULG WHFKQLTXHRI FHQWULIXJDWLRQ DQG
JUDYLW\FKXWH WR VHSDUDWH OLTXLGGURSOHWV IURP WKHJDV VWUHDP
)LJ :HQRWLFH WKDW WKHZRUGV JUDYLW\ DQG FROOLVLRQRI
RXUGDWDEDVHZHUHQRWXVHGDQGRQO\ WKHZRUGVFRDOHVFHQFH
DQGF\FORQHZHUHHQRXJKWRILQGWKHP
7DNH IRU LQVWDQFH WKH IRXUWK SDWHQW 86 7KLV
SDWHQWZDVQRW IRXQGDPRQJ WKHSDWHQWV WKDW LQFOXGH WKH
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LQOHWDQGLVDOVRDVDQLQOHWGLVWULEXWRUZKLFKLVDVHSDUDWLQJGHYLFHFRQVLVWLQJRIPXOWL
OD\HUIROGHGSODWHVZLWKZLQJVZKLFKDUHGLVWULEXWHGDORQJWKHSHULSKHUDOGLUHFWLRQRID
EDUUHOERG\ZLWKWKHOHQJWKEHLQJDERXWDTXDUWHURIWKHFLUFXPIHUHQFHRIWKHEDUUHOERG\
DQGWKHF\FORQHVHSDUDWLRQVHFWLRQDGRSWVDJXLGHYDQHW\SHF\FORQHVHSDUDWLRQSURFHVV
F\FORQHVDUHGLVWULEXWHGRQWKHSHULSKHU\LQDPXOWLFLUFOHPDQQHUDQGWKHUHVLVWDQFHGURS
YDOXHRIWKHF\FORQHVLVUHGXFHGJUDGXDOO\IURPLQVLGHWRRXWVLGH7KHGLVWULEXWLRQRIWKH
F\FORQHVLQWKHF\FORQHVHSDUDWRUDGRSWVDQLQWHUYDOPDQQHURIOHIWZDUGDQGULJKWZDUG
URWDWLRQLHWKHF\FORQHRIDOHIWZDUGURWDWLQJJXLGHYDQHLVDGMDFHQWWRWKHF\FORQHRID
ULJKWZDUGURWDWLQJJXLGHYDQH7KHTXDQWLW\RIWKHOHIWZDUGURWDWLQJF\FORQHVLVVDPHDV
WKDWRIWKHULJKWZDUGURWDWLQJF\FORQHV,QWKHF\FORQHVHSDUDWRUWKHWHFKQLFDOSUREOHPWKDW
WKHWUDGLWLRQDOGHYLFHPDLQO\XWLOL]HVWKHF\FORQHVHSDUDWLRQWHFKQRORJ\DQGWKHFROOLVLRQ
DQGFRDOHVFHQFHWHFKQRORJLHVWRUHPRYHWKHOLTXLGGURSVDQGWKHGXVWSDUWLFOHVLQWKH
LQFRPLQJJDVFDQEHVROYHG
6HDU FK ZL W K QHZ NH\ZRU GV
Verb / Adjective Phénomène Type Entreprise Spécification
GAS LIQUID COALESCENCE CYCLONE SEPARATOR
Forme (Combinaison)
Lancer la Recherche (Anglais)
Objets (Interchangeable)
.H\ZRU G GDW DEDVH
…Separating liquid drops and dust
particles in the natural gas by 
mainly utilizing the centrifugal 
force and the action of gravity,
collision and coalescence…New keywords found
Verb / Adjective Type Company Complement
N1 N2 N3 PP1 PP2 T1 T2 (Singular/Plural)
GAS LIQUID CENTRIFUGAL CYCLONE PLATES SEPARATOR TOTAL OFFSHORE
COALESCENCE HYDROCYCLONE BLADES DEVICE PETROBRAS DEEP OFFSHORE
HELICES APPARATUS CANADIAN OIL DEEPS SEA
Noun Physical Phenomena Technological Systems
KEYWORD DATABASE
Phrase generation
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5. Conclusion and discussion
We have proposed an improved method for determining 
keywords for patents search. Keywords are defined by 
physical and functional analysis of the possibilities of 
achieving the desired function. An energy vision (CTOC 
method) is used to define a functional flow from the notion of 
converter and energy transmitter. We deduce words related to 
the relevant parameters and improvement techniques of forces 
involved. 
An application to a bi-phasic separator shows the 
robustness of the method from centrifugal systems. We could 
generalize the search by changing the type of separation force. 
An exhaustive vision can be conducted from the gravitational 
to electromagnetic forces. 
The evolution opportunities found refer to empty cells in 
the discovery matrix that are concepts not already protected, 
but maybe feasible. We can also study patents found with the 
filter provided by the laws of technical system evolution and 
identify future trends. We envision building database 
converters and associated physical phenomena. These are 
perspectives for our work. 
We did not use the methods described in the first part of 
this paper. Their use would have yielded a greater and more 
exhaustive number of patents related to the initial problem. 
The use of functional decomposition (CTOC) defines the new 
keywords that will allow us to select relevant patents 
permitting us to obtain new patents in unexplored fields, by 
using initial keywords. The thoroughness of the search is 
dependent upon the selected databases and their search 
engine. In this paper we have restricted our usage to the 
search engine and database of Espacenet. 
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